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Abstract	
	
The	synthetic	aperture	radar	(SAR)	is	a	kind	of	active	sensors.	To	acquire	the	images	of	
target	 in	 remote	area,	 the	SAR	uses	microwave	signal.	Nowadays,	 Josaphat	microwave	
remote	sensing	laboratory	(JMRSL),	Chiba	university,	Japan	is	developing	the	Boeing	737‐
200	on‐board	X‐band	airborne	SAR	system.	As	the	system	requirements	of	proposed	X‐
band	SAR,	the	wide	bandwidth	of	transmit	signal,	narrow	beam	width,	beam	tilting,	and	
circular	 polarization	 are	 needed	 to	 support	 the	 high	 resolution	 image	 in	 range	 and	
azimuth	directions.	The	frequency	resouce	is	set	to	the	center	frequency	on	9.4	GHz	and	
the	bandwidth	of	800	MHz.	Also,	the	antenna	should	support	the	tilt	angle	up	to	35	degree.		
To	realize	these	requirements,	the	array	antenna	which	has	same	characteristic	in	each	
module	is	proposed	in	the	paper.	The	proposed	antenna	has	6	modules	and	each	module	
is	 designed	 as	 2	 by	 6	 elements.	 Considering	 the	 combination	 of	 these	 modules,	 the	
characteristic	of	each	module	is	preferred	to	have	same	value	because	of	used	technic	to	
tilt	transmitted	signal.	The	performance	of	proposed	antenna	has	been	verified	based	on	
the	four	performance	eveluation	parameters;	return	loss,	axial	ratio,	gain,	and	radiation	
pattern.	As	a	result,	S11,	gain	and	radiation	pattern	could	acquire	the	almost	same	value.	
However,	in	axial	ratio,	there	were	some	difference	between	each	module.	As	a	reason,	
the	interference	of	transmitted	signal	is	considered	because	of	sequential	array	in	object	
to	be	measured.	
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1. INTRODUCTION	
Recently,	 the	circularly	polarized	(CP)	antennas	are	attracting	much	attention	 in	
remote	sensing	fields.	The	benefits	of	CP	antenna	compared	to	the	conventional	linearly	
polarized	 (LP)	 antenna	 are	 listed	 as	 follow;	 small	 resistant	 than	 LP	 antenna	 while	
transmitted	 in	 atmosphere,	 less	 phase	 variation	 when	 the	 radiated	 wave	 through	
ionosphere	 and	 ease	 of	 antenna	 making	 which	 has	 narrow	 beam	 width	 than	 linear	
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polarization	 antenna.	 These	 characteristics	 have	 advantages	 on	 the	 energy	 efficiency	
issue	 and	 the	 ease	 of	 synthetic	 aperture	processing	 in	 radar	 application.	Due	 to	 these	
advantages,	 the	 design	 of	 CP	 antenna	 for	 synthetic	 aperture	 radar	 (SAR)	 has	 been	
proposed	in	this	paper.	SAR	is	a	kind	of	active	sensors	that	using	microwave	signal.		
SAR	is	a	kind	of	an	active	sensor.	In	the	SAR	image	processing	mechanism,	the	larger	
size	antenna	offers	the	high	resolution	images	of	target.	Linear	polarization	(LP)	was	used	
as	conventional	antenna,	however	this	paper	proposes	about	the	circularly	polarized	(CP)	
antenna	 for	 SAR	mission.	 CP	 antenna	 has	 advantages	 on	 the	 narrow	3‐dB	 bandwidth,	
higher	resolution,	and	etc.	Therefore,	we	designed	CP	antenna	which	has	the	narrow	beam	
width	 and	 wide	 bandwidth.	 Proposed	 antenna	 will	 be	 implemented	 Boeing	 737‐200	
platform.	The	requirements	of	airborne	SAR	mission	is	summarized	in	table.1.	To	meet	
the	ends	of	requirements,	the	array	antenna	with	2	x	16	elements	was	used.	It	is	planned	
to	use	by	combining	as	array	antenna	with	16x16	elements.	In	this	experiment,	6	modules	
that	were	developed	for	performance	test	will	be	measured.	And,	they	will	be	checked	
whether	they	meet	the	demand	or	not	and	there	are	variations	in	the	performance	or	not.	
	
	
2. ANTENNA	REQUIREMENT		
	
Table	1.	Requirement	of	antenna	in	on‐board	SAR	mission	
Categories	 Specification	
Platform	 Boeing737‐200	
Altitude	 Max.	35,000	feet	/	10,668	m	
Radome	dimension	 	
Width	 508.66	cm	
Depth	 38.10	cm	
Height	 50.80	cm	
Signal	properties	 	
Center	frequency	 9.4GHz	
Bandwidth	 800MHz	
Antenna	polarization	 circular	polarization	
Beam	width	 horizontal	:	under	‐13dB	
vertical	:	under	‐15dB	
Beam	direction	 horizontal	:	0	degree	
vertical	:	35	degree	
Axial	ratio	 under	3dB	
‐	
Table	1	shows	the	requirements	of	antenna	property.	As	the	radome	sized	is	fixed,	
antenna	should	be	designed	according	to	the	maximum	size	of	radome.		Center	frequency	
is	9.4	GHz	(X‐band)	and	antenna	should	support	the	bandwidth	of	800	MHz.	Antenna	is	
designed	 to	 circularly	 polarized	which	means	 that	 the	 axial	 ratio	within	 the	 required	
bandwidth	 should	 be	 designed	 under	 3	 dB.	 Also,	 as	 the	 SAR	 transmits	 its	 beam	
perpendicular	to	the	flight	path	but	little	bit	tilted	downward,	the	center	of	beam	radiation	
should	be	shifted	35	degree	from	0	degree.		
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3. ANTENNA	MEASUREMENT	
	
The	proposed	antenna	performance	was	measured	in	anechoic	chamber	of	JMRSL.	
We	used	the	vector	network	analyzer	(VNA),	turn	table	which	is	set	in	distance	of	antenna,	
the	turn	table	controller,	and	PC.	The	measurement	concept	is	depicted	in	Fig.	1.	
	
Figure	1.	measurement	concept	
	
 
The	measured	antenna	is	installed	on	turn	table,	and	it	is	possible	to	measure	the	
circumference	 of	 the	 antenna	 by	 rotating	 turn	 table.	 Also,	 the	 purpose	 of	 this	
measurement	is	to	measure	far‐field	condition.	The	far‐field	of	antenna	is	expressed	by	
equation	
݀௙ ൒ 2ܦଶ ߣ⁄ ,	 (1)
where	D	and	λ	are	the	largest	dimension	of	the	radiator	(or	the	diameter	of	the	antenna)	
and	wavelength,	 respectively.	 In	 this	 time,	 the	distance	of	 far‐field	 is	more	 than	about	
5.9m	because	the	largest	dimension	of	measured	antenna	is	30cm.	in	addition,	equipped	
VNA	can	get	only	result	of	S11	and	radiation	pattern.	To	obtain	the	result	of	axial	ratio	and	
gain,	the	data	must	be	calculated	by	computer	using	software.	
Axial	ratio	is	the	ratio	of	major	axis	and	minor	axis	in	ellipse	polarization.	Namely,	
axial	ratio	can	express	by	equation	
|ܴ| ൌ ݆݉ܽ݋ݎ ܽݔ݅ݏ݉݅݊݋ݎ ܽݔ݅ݏ ൒ 1.	
(2)
After	rewriting	to	the	measured	data,	equation	can	be	written	as	
|ܴ| ൌ ܧ௠௔௫ܧ௠௜௡ .	
(3)
If	we	assume	that	the	data	measured	by	right	handed	circular	polarization	is	 ோܲ	and	the	 data	 measured	 by	 left	 handed	 circular	 polarization	 is	 ௅ܲ ,	 relational	 expression	 is	expressed	as	ܧ௠௔௫ ൌ ௅ܲ ൅ ோܲ,	ܧ௠௜௡ ൌ ௅ܲ െ ோܲ.	Therefore,	axial	ratio	is	calculated	by		
|ܴ| ൌ ௅ܲ ൅ ோܲ
௅ܲ െ ோܲ.	
(4)
For	the	gain,	the	result	is	calculated	from	equation		
ܩ ൌ 1.64 ௔ܲ௡௧
ௗܲ௜௣௢௟௘
.	 (5)
Controller for rotation table 
VNA PC
Rotation table
Transmitting antenna Measured antenna 
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where	 ௔ܲ௡௧	is	received	power	of	measured	antenna,	 ௗܲ௜௣௢௟௘	is	received	power	of	dipole	
antenna	that	is	used	as	criterion	instead	of	isotropic	antenna.	
	
	
4. ANALYSYS	AND	RESULT	
	
In	 antenna	performance	 analysis,	 the	6‐moule	of	 same	designed	 antenna	were	
tested	 in	 anechoic	 chamber.	 In	 the	 future,	 these	 modules	 will	 be	 combined	 as	 array,	
however	we	separate	each	module	to	measure	the	profile	of	single	module	in	this	time.	
Therefore,	 each	module	has	 to	 show	same	characteristics.	 In	 this	 chapter,	 S11	 (return	
loss),	axial	ratio,	radiation	pattern,	and	antenna	gain	were	measured.	Also	we	examined	
the	error	from	identical	design	parameters.	The	S11	result	of	each	module	is	shown	in	fig.	
2.	
 
 Figure	2.	measured	result	of	S11 
 
The	required	bandwidth	of	antenna	is	800	MHz	which	is	from	9	GHz	to	9.8	GHz.	
We	decide	the	bandwidth	where	the	S11	is	under	‐10	dB	in	return	loss	graph.	The	result	
shows	S11	value	is	located	under	‐10	dB	lies	from	8	GHz	to	11.7	GHz.	This	result	satisfies	
the	 previous	 design	 requirements.	 However,	 the	 antenna	 named	 No.	 2	 shows	 non‐
identical	characteristic	to	the	other	antenna	modules.	
Next,	the	measured	result	of	axial	ratio	is	shown	in	Fig.	3.	
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 Figure	3.	measured	result	of	axial	ratio 
 
Axial	 ratio	 means	 the	 ratio	 between	 major	 axis	 and	 minor	 axis	 of	 ellipse	
polarization.	Therefore,	in	ideal	circular	polarization,	this	value	should	be	1.	In	ideal	linear	
polarization,	the	value	becomes	infinite.	Generally,	the	wave	that	has	axial	ratio	under	3	
dB	of	axial	ratio	is	defined	as	CP	by	IEEE.	The	bandwidth	used	in	on‐board	SAR	mission	is	
9GHz	to	9.8GHz.	For	that	reason,	axial	ratio	need	to	be	less	than	3dB	from	9GHz	to	9.8GHz.	
However,	every	module	could	not	achieve	this	requirement	except	for	No6.	Especially,	No.	
2	 and	 No.	 5	 have	 worse	 characteristic.	 Their	 axial	 ratio	 could	 achieve	 only	 half	 of	
requirement.	Comparing	No.	6	which	could	achieve	requirement	roughly	and	them,	there	
is	big	difference	of	characteristic.		
	
	
	Figure	4.	measured	result	of	gain	
	
Result	of	gain	is	shown	in	fig.	4.	In	the	measurement	results	of	gain,	although	noise	
during	measurement	 is	 observed,	 satisfying	 result	was	obtained	 in	used	bandwidth	of	
800MHz.	 However,	 only	 No.	 3	 indicated	 different	 characteristic	 among	 six	 modules.	
Finally,	results	of	radiation	pattern	are	shown	in	fig.	5.	Radiation	pattern	is	measured	in	
three	points	of	9	GHz,	9.4	GHz	and	9.8	GHz	in	each	module.	In	on‐board	SAR	mission,	tilt	
angle	 of	 35	 degrees	 is	 required.	 Fig.	 5	 shows	 all	 module	 can	 have	 the	 tilt	 angle	 and	
achievement	of	requirement.	
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																																				(a)																																																																																																																											(b)		
																																						(c)																																																																																																																										(d)		
	
																																							(e)																																																																																																																									(f)			
Figure	5.	result	of	radiation	pattern	
(a)No.1	(b)No.2	(c)No.3	(d)No.4	(e)No.5	(f)No.6	
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5. CONCLUSION	
 
X‐band	antenna	for	the	airborne	SAR	mission	has	been	designed	and	measured	
in	this	paper.	The	performance	of	proposed	antenna	has	been	examined	using	return	loss,	
axial	 ratio,	 radiation	 pattern,	 and	 gain.	 Originally,	 8‐module	 array	 antenna	 has	 been	
designed	to	support	800	MHz	of	bandwidth	and	circular	polarization.	However	only	6‐
moule	antenna	has	been	examined	in	this	paper.	We	separate	each	module	and	measure	
the	 performance	 in	 anechoic	 chamber.	 All	 the	 module	 shows	 satisfactory	 return	 loss	
characteristics.	In	the	respect	of	axial	ratio	performance,	half	of	modules	have	achieved	
design	requirement;	module	No.	3,	No.	4,	and	No.	6.	On	the	other	hand,	module	No.	1,	No.	
2,	and	No.	5	could	achieve	only	half	of	requirement.	 In	case	of	radiation	pattern,	every	
antenna	shows	that	its	beam	has	been	tilted	around	35	degree	from	the	beam	center.	Last,	
gain	has	been	measured,	however,	module	No.	3	could	not	achieve	the	requirement	value.	
As	a	reason,	effect	of	sequential	array	method	used	in	measured	antenna	is	considered.	
Usually,	in	high	frequency	band,	the	size	of	antenna	become	smaller	than	low	frequency	
band.	In	addition,	the	measured	antenna	has	elements	of	2x16	to	realize	sequential	array	
and	 all	 element	 has	 phase	 difference.	 Therefore,	 the	 feed	 network	 for	 each	 element	
become	more	 complicated	 than	usual	 one.	 Therefore,	 small	 error	which	doesn’t	 affect	
result	usually	become	non‐negligible	error	and	affect	to	the	result.	In	the	future	we	will	
operate	the	proposed	antenna	using	array.	Then,	as	an	effect	of	sequential	array	method,	
the	proposed	antenna	can	be	used	for	airborne	SAR	mission.	
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